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(57) Abstract 

A method for the manufacture of a hybrid yarn (26) which uses a stretch-breaking process to blend two or more dif- 
ferent types of fibre, one of which is a reinforcing fibre. The fibre tows (2, 14), for example a tow of carbone filaments and 
a tow of thermoplastic filaments, are fed together into the stretch-breaking zone (at 22), broken by stretching between two 
pairs of nip rollers (12a, 12b: 20a. 20b), drafted and then processed into a yam (26). Thus well-blended hybrid yams are 
produced which can be of a variety of deniers, including low deniers. The yams can be used in the formation of composite 
products. 
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Hybrid Yarn 

Technical Field 

This invention relates to hybrid yarns comprising 
a blend of two or more different fibres one of which com- 
prises reinforcing fibre. 

It is well known that reinforcing material, such as 
5 carbon fibre, and a matrix material, such as. a resin, can 
be combined to form composite products . These composites 
are usually manufactured by- compounding the resin with 
staple carbon fibre in an extrusion compounder. 
Discussion of Prior Art 

As an alternative, fabrics have been produced. 
10 Usually the carbon fibre and resin are incorporated as 
separate components. For example the carbon fibre may be 
woven into a fabric which is then impregnated with resin 
to form a prepreg. In another example both carbon fibre 
and thermoplastic fibre may be woven together into a 
15 fabric, the carbon fibre being the weft, for example, and 
the thermoplastic fibre the warp. Both these 
constructions . have the disadvantage that the two 
components are not in an intimate mixture and when they 
are consolidated into a fabric there exists discrete 
2 0 regions of carbon fibre and theinnoplastic matrix. 

Hybrid yarns have been suggested; for example UK 
Patent 2 .105 247 B describes a yarn consisting of a core • 
of carbon fibre wrapped with thermoplastic fibre, and -NASA ■ 
report number NASA-CR-3849 NASAl 26:3849 by M.E. Ketterer 
25 describes a hybrid yarn produced by intimately- intermixing* 
a tow of continuous carbon filaments with a tow of 
continuous thermoplastic filaments. Although these hybrid 
yarns may to some extent overcome the problem of 
inadequate mixing, they have the added disadvantage that 
50 the yarns, being a combination of two tows, are bulky. 
Summary of the Invention 

The present invention provides a method for th#? 
manufacture of a hybrid yarn which includes the step of 
blending two or more types of fibre, at least one of which 
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comprises reinforcing fibre, using a stretch-breaking 
process. 

Preferably the method according to the invention is 
used to blend twp types of fibre, especially reinforcing 
5 -fibre, for example carbon fibre and matrix fibre, for 
example thermoplastic fibre. However, the method can also 
be used to blend two different reinforcing fibre types, 
such as carbon and glass fibre. ' 

Stretch-breaking is a well-known technique for 
10 processing synthetic textile fibres such as acrylic fibre. 
We have found that if the process is adapted to enable a 
tow of reinforcing filaments, such as carbon, to be 
stretch-broken simultaneously with a tow of another fibre 
.type such as. matrix filaments, then a hybrid yarn 

15 comprising a well -blended mixtiire of the two fibre types 
can be produced. After being stretch-broken, the fibre 
can be drafted down to the desired yarn denier*. Thus the 
process also has the advantage that hybrid yarns of low 
denier, for example 500 denier or less can be produced. 

20 Higher yarn denier s can, of course, also be produced. 

Preferably the stretch-breaking process is carried 
out. by the following method:- 

(a) feeding at least two . tows of continuous 
filaments, at least one tow comprising reinforcing fila- 

25nxents, through a first and second pair of nip rollers, one 
tow being superposed upon the others ; 

(b) setting ^the surface speed ratio of the first and 
second pairs of nip rollers so that the filaments are 

30 stretched and broken in the stretch-breaking zone between 
the pairs of nip rollers; and 

(c) drafting the stretch-broken filaments and 
processing them into a yarn. 



f 
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In commercially available stretch-breaking machines 
the tow is stretched almost to breaking point prior to 
being fed into the stretch-breaking zone by passing the 
tow through a series of nip rollers . or through a heated 

5 zone. It is preferred not to use these metbodn when 
stretch-breaking carbon fibre because the fibre is 
susceptible to damage in the lateral direction and this 
prior stretching may result in a damaged, lower 
performance yarn.. Instead, the carbon tow and 

10 thermoplastic tow are preferably fed directly from their 
packages into the stretch-breaking zone via the first pair- 
of nip rollers, although some pre-tensioning that is 
relatively gentle may be included, for example by passing 
one or both of the tows through a series of pre-tensioning 

15 bars. 

To facilitate spreading of one or both of the tows 
and to control lateral movement, a guide may be positioned 
in front of the first pair of nip rollers. The guide, 
generally has a slit or indentation through which the tow 
20 or tows pass, the width of the slit or indentation being 
. slightly wider than the width of the flattened, spread 
tow. A spread tow is preferred in order to avoid bunching 
of the filaments during stretch-breaking which leads to 
uneven drafting and inconsistent processing. If 
25 pre-tensioning bars are used then these aid in spreading 
out the tows and an additional guide may be omitted. 
Preferably the carbon tow is fed through a series of pre- 
tensioning bars and the thermoplastic tow is ^ passed 
through a guide . 

The two tows 'are preferably superposed upon each 
other prior to being fed through the first pair of nip 
rollers so that good mixing of the two fibres is achieved 
when they, are broken and drafted. 

The ratio of surface speeds of the first and second 
35 pairs of nip ^rollers must be set so that the filaments are 
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broken in the stretch-breaking zone. In addition the 
ratio is preferably set so that the fibres are drafted to 
the desired yam denier. In general the second pair of 
nip rollers is. set to have a surface speed of between 6 
5 and 35 times faster than the first pair, preferably 
between 8 and 25 times faster. . 

When a tow of thermoplastic filaments is used, a 
restraining means is advantageously positioned in the 
stretch-breaking zone to prevent - recoil of the more 
y 10 elastic thermoplastic filaments when they break. It has 
been found that recoil can be prevented by intei^^osing 
the tow of the thermoplastic filaments between the carbon 
tow and the restraining means which is conveniently in the 
form of a plate, for example a metal plate. This method 

15 is beneficial as the carbon fibre does not have to come 
into contact with the restraining means which otherwise 
may damage the fibre. Preferably the restraining means is 
positioned below the thermoplastic tow so that it exerts a 
light upward supporting pressure on the thermoplastic 

20 filaments; and the tensioned carbon tow is above the 
thermoplastic tow so that it simultaneously exerts a 
slight downward pressure on the thermoplastic filaments. 

The ratch, which is the distance between the first 
and second pairs of nip rollers, is preferably set at tlie 
25 maximum distance that is mechanically permitted 
Typically this is 150mm to 250mm, although this distance 
may vary depending upon the machinery used^ The longer 
ratch enables longer staple lengths to be obtained which 
. gives a higher reinforcing strength in the resulting 
30 composite. N 

After being stretch-broken the fibres are drafted, 
condensed and passed through the second pair of nip 
rollers. The condensing is preferably aided by a 
condensing guide. Unlike commercial stretch-breaking 
35 processes, the process of the invention is advantageously 
a direct tow-to-yarn process, in which filaments are 
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stretch-broken and drafted to a yarn having the desired 
denier in one stage, ie it is a continuous process with no 
intermediate collection of a sliver. In commercial 
processes the tow is drafted to a sliver and then the 

5 sliver further drafted to a yarn as a separate stage. 
Although the latter technique can be used in the present 
process, it has the disadvantage that the carbon fibre is 
more likely to become damaged because of the greater 
number of processing steps. ' Thus after being 

10 stretch-broken the fibres are preferably drafted to the 
desired denier of the resulting hybrid yarn, usually 
between 100 and 1400 . denier, frequently between 100 and 
800 denier. 

After passing through the second pair of nip rollers 
15 . the fibres can be formed directly into a yarn as a 
continuous process by inserting a twist, for example using 
a ring and traveller system, and winding into a package. 

Alternatively, for example instead of using a ring 
and traveller system the stretch-broken fibres can be 

20 passed through a hollow spindle and wrapped with another 
yarn, for example a thermoplastic fibre yarn such as 
a polyether ketone , eg po lye ther ether ketone (PEEK). This 
alternative method is advantageous when it is desired to 
produce a hybrid yarn without any twist in the carbon 

25 fibre component. It also allows a greater proportion of 
thermoplastic fibre to be incorporated into the yarn. 

The present invention also includes a hybrid yarn 
comprising a blend .of at least two different types of 
stretch-broken f ibx;e > at least one of which comprises 
30 refinforcing fibre. Preferably the hybrid yarn comprises 
a blend of stretch-broken reinforcing fibre and 
stretch-broken matrix fibre, the latter prefercO^ly being 
thermoplastic fibre. 



wo 89/01999 



- 6 - 



PCr/US87/02156 



The proportion of reinforcing fibre to matrix fibre 
in the hybrid yarn depends upon the required end use of 
the fibre, but in general the proportion is between 55 to 
99%, preferably 60 to 80%. reinforcing fibre and 45% to 
5 1%, preferably 4 0 to 20%, matrix fibre by weight based on 
the total weight of the yarn. 

Although the invention has been described above with 
reference mainly to carbon fibre as the reinforcing fibre 
and thermoplastic fibre as the matrix fibre, other 

10 reinforcing fibres and matrix fibres can be used. For 
example, other reinforcing fibres include glass fibre*, 
aramid fibre, oxidised polyacrylonitrile fibre, 
multi-filament ceramic fibres, for example silicon carbide 
fibre and graphite-, plastics- or metal-coated carbon 

15. fibre. Examples of thermoplastics for the matrix fibre 
include polyketones such as a polyetherketone and 
■polyetheretherketone (PEEK), polytetraf luoroethlyene, 
polyamides such as nylon, polyesters such as poly (ethylene * 
terephthalate) and poly-(butylene terephthalate) , 

20 polyimides such as polyetherimide, polyolefins such as 
polyethylene , polypropylene . and copolymers of ethylene and 
propylene and, polysul- phones such as polyethersulphone . 

The hybrid yarn may be assembled in a variety of 
ways prior to consolidating into a composite wherein the 

25 matrix fibre component is fused to surround and embed the 
reinforcing fibre component. For example the yarn may be ' 
assembled into bundles , warps , arrays or windings . 
However, for ease of handling and flexibility of design of 
the composite strjicture, the yarn is preferably assembled 

30 into fibrous fabric form. The fibrous fabric may be a 
woven, knitted, braided, non-woven or pile fabric. The 
ability of the method of the invention to produce low 
denier yarns enables highly drapable fabrics to be formed 
which facilitate the formation of shaped composite 
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products • The present invention includes fabrics and 
composite products formed from the hybrid yarn. 
Brief Description of Drawing 

The invention will now be described, by way of 
example. only, with reference to the accompanying drawing, 
5 in which :- 

Figure 1 shows, diagrammatically, a .process for 
manufacture of a hybrid yarn using stretch-breaking; and 

Figure 2 is a cross-sectional view along the line 
X-X of the guide used in the process shown in Figure 1. 
Description of Preferred Embodiment 

10 A 12,000 filament, 7320 denier carbon fibre tow 2 is 

unwound from a package 4 and fed via a guiding roller 6 
through a cascade of rollers 8. This cascade 8 
pre- tensions the carbon fibre and spreads it out to a 
substantially flat tow. After passing through further 

15 guiding rollers 10, the tow 2 is fed through a- first pair 
of nip rollers 12a and 12b. Both the rollers have a 
smooth surface, the upper roller 12a having a synthetic 
3rubber surface and the lower roller 12b a steel surface. 

A 900 filament, 3800 denier PEEK fibre tow 14 (PEEK 
20 fibre is available from Celanese Corporation) is unwound 
from a package (not shown) and fed, via a guiding roller 
16, through the nip rollers 12a and 12b, the thermoplastic 
tow being fed underneath the carbon tow 2. Prior to 
passing through the nip rollers 12a and 12b , the 
25 thermoplastic tow 14 travels over a guide" 18.- Referring 
to Figure 2, this guide 18 consists of an alxxminium block 
100 into which is cut a 9.5 mm wide groove 102. The tow 
14 is passed over the groove 102 which is just wide enough 
to allow the tow 14 to spread to a flat tow without 
30 creating voids between the filaments. 

After passing through the first pair of nip rollers 
12a and 12b, the tows 2 and 14 enter the stretch-breaking 
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zone which is the zone between the first pair of nip 
rollers 12a and 12b and a second pair of nip rollers 20a * 
and 20b* . The ratio of surface speeds between the first 
and second pairs of nip rollers is set at 1:8, and the 
5 ratch distance is 200 mm* 

The tows 2 and 14 are fed from the first pair of nip 
rollers 12a and 12b through the second pair of nip rollers 
20a and 20b. Again both rollers have smooth surfaces, the 
upper roller 20a having a synthetic rubber surface and the 
10 lower roller 20b a steel surface. The faster speed of the 
second pair of nip rollers causes the filaments in both 
tows to stretch and break in the stretch-breaking zone. 

Because of the elastic nature of the thermoplastic 
filaments, they tend to recoil when stretch-broken. To 

15 prevent this a restraining means which consists of a 
rectangular aluminium platje 22 is positioned \inder the 
thermoplastic tow 14 in the middle of the stretch-breaking 
zone where the breaking of the filaments occurs . Because 
the carbon tow 2 is superposed above the thermoplastic tow 
. 14 , the thermoplastic tow is sandwiched between the carbon 

20 tow 2 and the plate 22, and the combination of forces 
exerted on the thermoplastic tow 14 by the carbon tow 2 
and the plate 22 prevents recoil of the thermoplastic . 
filaments when they break. 

After breaking^ the filaments are drafted, with the 
25 aid of a 3.2mm wide condenser guide {not shown), directly 
. to a 200 denier yam by the second pair of nip rollers 20a 
and 20b. The condenser -guide is pivotally fixed in the 
stretch-breaking zone to allow lateral movement of the 
tows which facilitates the passage of the tows through the g 
30 stretch-breaking zone. The combination of stretch- 
breaking and drafting thoroughly mixes the carbon fibre 
with the thermoplastic fibre. After drafting, twist . is 
inserted in the yarn using a conventional ring and 
traveller system (not shown) and the resulting multi- 



S0OCID:<VtfO e90ie99A1 I > 



wo 89/01999 PCT/US87/02156 

- 9 - 

filament hybrid yarn 26 is collected on a bobbin 28. The 
proportion of carbon and PEEK fibre in the resulting yarn 
is 65% carbon fibre and 35% PEEK fibre by weight based on 
the total weight of the yarn. 

5 To facilitate start-up of the process, stretch^ 

breaking of the carbon fibre tow 2 may be initiated before 
the thermoplastic tow 14 is fed through the nip rollers 
12a and 12b. 
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CLAIMS 

1- A method for the manufacture of a hybrid yarn 
which includes the step of blending two or more different 
types of fibre, at least one of which comprises reinforc- 
ing fibre, using a stretch-breaking process. 

5 , 2» A method according to claim 1, wherein two 

tows are blended together using the stretch-breaking 
process, one tow comprising reinforcing filaments and 
the other tow comprising matrix filaments. 



10 



3. A method according to claim 2 which comprises :-r 

(a) feeding at least two tows of continuous fila- 
ments, at least one tow comprising reinforcing filaments, 
through a first and a second pair of nip rollers, one 
tow being superposed upon the other; 

(b) setting the surface speed ratio of the first 
15 and second pairs of nip rollers so that the filaments 

are stretched and broken between the pairs of nip rollers; 
and 

(c) drafting the stretch-broken filaments and pro- 
cessing them into a yarn. 



20 



25 



30 



4. A method according to claim 3, which is a direct 
tow-to-yam process, the filaments being stretch-broken 
and drafted to the desired yarn denier in one stage. 

5. A method according to claim 4, wherein a 
restraining means is positioned between . the first and 
second pairs of nip rollers to prevent recoil . pf the 
matrix filaments when they are stretch-broken. . 

6. A method according to claim 5, wherein the 
restraining means comprises a plate which is positioned 
such that the tow of matrix filaments is interposed be- 
tween the tow of reinforcing filaments and the plate, 
recoil of the matri-x filaments on breaking being prevented 
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by the forces exerted on the matrix filaments by the 
reinforcing filaments and the plate. 

7. A hybrid yarn comprising a blend of different 
types of stretch-broken fibre, at least one type of fibre 

5 comprising reinforcing fibre. 

8. A yarn according to claim 7 which comprises 
a blend of stretch-broken reinforcing fibre and stretch- 
broken matrix fibre* 

9. A yarn according to c3.aim 7 wherein the rein-^ 
10 forcing fibre is made up of carbon filaments. 

10. A yarn according to claim 8, wherein the matrix 
fibre is made up of a thermoplastic, preferably a poly- 
etherketone. 

11. A yarn according to claim 8 which has a denier 
15 of between 100 and 1400, preferably between 100 and 800. 

12. A yarn according to claim 8 wherein the propor- 
tion of reinforcing fibre and matrix fibre is 55 to 99% 
reinforcing fibre and 45 to 1% matrix fibre. 

13. A fabric at least partly formed from the yarn 
20 according to claim 7. 

14. A composite product formed from the yarn accord- 
ing to claim 7 or from the fabric according to. claim 
13. 
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